Article abstract-Objective: A review of literature referable to management issues for women with epilepsy (WWE) was undertaken for the development of a practice parameter. Background: Epilepsy is a common neurologic condition with gender-related management implications. Although reviews of this topic often focus on pregnancy-related issues for WWE, specific health concerns for WWE are present throughout all phases of reproductive life. Methods: An OVID MEDLINE literature search was conducted for 1965 to 1997 using the following key wordslphrases and cross referencing: epilepsy1 seizures and pregnancy, anticonvulsants, antiepileptic drugs (AEDs), teratogenesis, oral contraceptives, birth defects, folatelfolic acid, vitamin K, metabolic bone disease, and breast-feeding. Results: Pregnancy outcome literature for WWE spans several decades. Methodology varietr and interpretation is complicated by modern management strategies. Contributions of socioeconomic factors, AEDs, maternal epilepsy, and seizures during pregnancy to adverse pregnancy outcomes have not been clearly delineated. There is a biologic basis for recommendations concerning contraception, folate supplementation, vitamin K use in pregnancy, breast-feeding, metabolic bone disease, catamenial epilepsy, and reproductive endocrine disorders, but no outcome studies afford a strong evidence base for practice recommendation. Conclusions: WWE face health issues for which there is no available outcome literature to guide decision making. "he urgent need for studies in many of these areas is highlighted by expanded treatment options with new AEDs and epilepsy surgery.
Epilepsy is a common neurologic condition. Recently reported epidemiologic data indicate a cumulative lifetime risk of any convulsive disorder as being over 11%, and an epilepsy prevalence of 6.8 per 1,000 popu1ation.l Epilepsy has special implications for women's health, and specific management strategies are required to surmount problems posed by reproductive endocrine disorders, pregnancy, and the effects of changing hormonal status through reproductive life phases for women with epilepsy (WWE).
The results of two recent surveys suggest that specialists providing care for WWE are not optimally informed regarding health issues for this patient p o p~l a t i o n .~,~ This is also likely to be true of primary care physicians, who often provide principal care for people with epilepsy. As gender-specific health issues span the entire adult life of the ' W E , a longitudinal relationship with an experienced provider will facilitate comprehensive counseling, successful pre-emptive intervention, and effective specialty consultation for epilepsy-associated h e d t h concerns.
Gender-related management questions for WWE are addressed in this review, which was done in conjunction with the development of a practice parameter by the American Academy of Neurology's Quality Standards S~bcommittee.~ Management issues for WWE during reproductive years. Ovarian hormone influences. Experimental epilepsy models have repeatedly demonstrated a relationship between ovarian hormones and neuronal ex~itability.~-~ In animal models, estrogens lower seizure threshold and progestins are seizure protective. Estrogen administered intravenously t o a small series of patients has been shown to increase epileptiform dischargesg and progesterone to reduce spike frequency in some WWE.l0
Many WWE report variable seizure frequency in relation to their menstrual cycle. The true frequency of menstrual exacerbations of seizures (catamenial epilepsy) is unclear, partly due to variability in definition. Duncan et al. defined catamenial seizures strictly as at least 75% of seizures occurring within 4 days preceding and 6 days after the onset of menstruation. Only 12.5% of 40 women studied met this criteria for catamenial seizures. l1 Reports using more liberal criteria, including women who document a greater than average or increased frequency of seizures perimenstrually, suggest a catamenial seizure exacerbation in as many as 78% of w~m e n .~~J~
The propensity for increased seizure occurrence appears highest just before and during menstruation and at the time of ovulation. Physiologically, this timing corresponds to periods of relatively high estrogen and low progesterone l e v e l~.~J~ The phenomenon may be more marked in anovulatory cycles in which the estrogen level remains high in the absence of the normal progesterone rise with ovulation. Cummings et al. reported over one-third of women with temporal lobe seizures as having an anovulatory cycle over a time frame of three cycles compared with less than 10% of control women or women with primarily generalized epilepsy. l5 Antiepileptic drug (AED) supplementation and a variety of hormone manipulation strategies have been reported in small, uncontrolled case series for women experiencing catamenial changes in seizure frequency.
The expression of seizures in the peri and postmenopausal woman has not been well studied. The effect of hormone replacement on seizure control for postmenopausal women also requires evaluation.
Fertility. Menstrual cycle disturbances, hypergonadotrophic and hypogonadotrophic hypogonadism, polycystic ovaries, sexual dysfunction, and reduced fertility are documented problems for WWE.15-18 Fertility may be as low as two-thirds of that expected in the general population. 1920 Menstrual dysfunction and reproductive endocrine disorders are seen with increased frequency, compared with general population figures, in women with temporal lobe epilepsy, with or without AED treatment. 21 Abnormalities of physiologic sexual arousal may lead to sexual dysfunction in both men and women with e p i l e p~y .~~,~~ These disorders have been postulated to be secondary to the effects of seizures on prolactin, gonadotropin, and sex steroid hormone levels, although AEDs and psychosocial and socioeconomic factors may have a contributing role. Obstetric complications may be implicated in reduced fertility for WWE. These are discussed in the context of WWE during pregnancy.
The known effects of ovarian sex steroid hormones on neuronal excitability suggest that the use of hormonal contraception has the potential to alter seizure control in WWE. There have, however, been no reports of worsening of seizure control for WWE who use hormonal contraception.
Case reports of hormonal contraceptive failure with AED use began to appear in the early 1970s. The AEDs phenobarbital, primidone, phenytoin, carbamazepine, and topiramate are inducers of the hepatic cytochrome P450 system of mixed function oxidases. They have been demonstrated to increase steroid hormone binding globulins with a reduction
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950 NEUROLOGY 51 October 1998 in free hormone levels. The use of these AEDs is associated with a reduction of exogenous estradiol and progesterone levels in WWE using hormonal c~n t r a c e p t i o n .~~-~~ This may result in failure of hormonal contraception. Breakthrough bleeding may occur, although ovulation and pregnancy can result without this warning. Valproic acid and felbamate inhibit the hepatic microsomal enzyme system; other newer AEDs, including gabapentin, lamotrigine, tiagabine, and vigabatrin, appear to have no significant effect.
Neither levonorgestrel implants nor IM medroxyprogesterone have been shown to be superior to oral contraceptives in WWE using enzyme-inducing AEDs. Levonorgestrel is a progestin-only formulation with reduced efficacy in this setting.27 IM medroxyprogesterone delivers much higher dosages of progestin for contraception but has not yet been evaluated for effectiveness in WWE.
Metabolic bone disease is a health concern for all women. The concern is potentially greater for WWE who have been exposed to AEDs. AEDs are believed to be associated with disorders of bone metabolism with evidence of reduced levels of active vitamin D, osteomalacia, osteoporosis, and fractures reported in patients exposed to A.F,DS.~~-~O Theories of pathogenesis include increased metabolism of vitamin D to inactive metabolites by AED-induced hepatic enzymes, AED interference with intestinal absorption of calcium, and a direct AED effect on bone cell function through inhibition of cellular response to parathyroid hormone (PTH).
Methodologic flaws of available studies include small sample size, poorly matched controls, failure to control for diet and activity, and inadequate measures of bone health. It is not clear, therefore, whether AED exposure, over the short or long term, has an additional clinically significant impact on the problem of metabolic bone disease in women.
Metabolic bone disease.
Pregnancy-related management issues for WWE. Folic acid supplementation. Low serum and erythrocyte folate levels have been associated with spontaneous abortion and fetal malformations in animal models and in humans. Treatment with some AEDs, including phenytoin, carbamazepine, and barbiturates, can impair folate absorption. Maternal valproic acid and carbamazepine use have been associated with increased risk of neural tube defects in infants of WWE at 1 to 2% and 0.5 to 1%, r e s p e~t i v e l y .~~.~~ Although valproic acid does not produce folate deficiency, it may interfere with the production of folinic acid by inhibiting glutamate formyl transferase. There is, therefore, a biologic basis for the recommendation of prepregnancy and early pregnancy folic acid use for WWE during reproductive years, but very little information in the literature concerning dietary folate supplementation specifically referable to WWE who take AEDs.
Observational and randomized controlled have confirmed that maternal dietary supplementation with folic acid reduces the risk of neural tube defects for the infants of women in the general population. The optimal dosage is unclear, as study supplementation has varied between 0.36 and 5 mglday. The Centers for Disease Control and Prevention recommend a dosage of 0.4 mglday for primary prevention of neural tube defects in all women of childbearing age.38 One case control study has shown a graded effect of folate deficiency in the occurrence of neural tube defects.39 Although levels lower than 340 nmoVL produced the highest risk, the protective effect of folate is maximal with higher levels. The Canadian College of Medical Geneticists recommends prepregnancy and pregnamy folic acid supplementation at a dosage of up to 5 mg/day for women who have had a child with a neural tube defect to prevent r e~u r r e n c e .~~ As many as half of recognized pregnancies in the United States are unplanned and many women with planned pregnancies have not consulted a health care provider before p r e g n a n~y .~~ These statistics emphasize the need for early counseling of WWE during reproductive years and suggest that the general recommendation for dietary folate supplementation of all women during reproductive years be reinforced for WWE. The mechanisms by which WWE are at risk for having children with neural tube defects may differ from those of women without epilepsy. Outcome studies will be necessary to determine whether folate supplementation reduces the risk for WWE of having children with neural tube or other birth defects. WWE are at increased risk for pregnancy complications. Socioeconomic factors may play a significant role, as some patients with epilepsy lack adequate resources for prenatal care and optimal diet or vitamin supplementation during pregnancy. Obstetric complications that have been reported to occur with increased frequency in WWE in various surveys include vaginal bleeding, hyperemesis gravidarium, ectopic pregnaincy, spontaneous abortion, premature labor and pretenn delivery, forceps or vacuum assisted delivery, cesarean section, stillbirth, and neonatal death. The adverse obstetric outcomes reported most consistently as increased for WWE are stillbirth and neonatal death.42,43 One study suggests that there has been a decline in perinatal deaths with current seizure management patterns. The rate for MrWE in a 1977 to 1981 cohort was 4.7% (control, 1.5%~) with the rate decreasing in the 1987 to 1991 cohort to 2.1% (control, 0.9%). 44 Literature limitations include the use of pregnancy registry data for controls and failure to account for important variables such a socioeconomic status, AED use, and seizures during pregnancy. Available information does not permit specific recommendations regarding management strategies for prevention of obstetric complications for WWE.
Seizure control during pregnancy. The potential for change in seizure frequency for WWE during pregnancy has been documented in reports dating
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back to the turn of the century. An increased risk of seizures is present, probably for the minority of WWE, throughout pregnancy, including labor and delivery. Studies of the natural history of epilepsy during pregnancy have yielded a wide range of results. The methodology of the studies is variable. In some, it is unclear how the cohort was acquired or in what manner prepregnancy seizure frequencies were determined. Studies often evaluate prepregnancy seizure frequency retrospectively with pregnancy frequency measured prospectively. The triggers for AED dosage changes during pregnancy (reduced serum levels, seizure occurrence) are also unclear in most studies. Three prospective studies performed over the last 15 years report 0 to 37% of pregnancies resulting in an increase in maternal seizure f r e q~e n c y .~~-~~ In the most recent report, a prospective, population-based study of 70 WWE (93 pregnancies), Tomson et al. found unaltered seizure frequency in 61% of patients, improvement in 24%, and worsening in only 15%. 47 Most patients were attending a neurologic clinic before pregnancy with case records documenting prepregnancy seizure frequency. This study failed to demonstrate a relation between AED plasma concentrations and clinical effects. Although greater prepregnancy seizure frequency has been described as a predictor of increased seizures during this has not been demonstrated in recent studies. In one study, medication noncompliance occurred in 68% of those WWE with worsened seizure Avoidance of seizures during pregnancy is desirable for psychosocial and socioeconomic reasons as well as for the physical well-being of WWE. Potential mechanisms for fetal injury after an isolated generalized seizure include physical damage due to maternal abdominal trauma as well as hypoxic-ischemic injury due to decreased placental perfusion or maternal hypoxia. Sustained changes in fetal heart rate have been documented during maternal generalized seizures. 49 There are rare case reports of intrauterine death after single seizures.5o The effects of partial complex seizures and absence seizures on the fetus are unknown and the potential long-term effects of an isolated tonic-clonic seizure on the cognitive development of the fetus have not been studied.
Regular monitoring of AED levels during pregnancy is usually recommended by epilepsy experts, although caution in interpretation of results is necessary. Many studies have demonstrated a reduction in total AED plasma levels during pregnancy with less marked reduction in non-protein-bound concentrations and variable correlation with changes in seizure contro1.47,51 Total AED measurements do not reflect the fact that, as pregnancy progresses, there is a reduction in the protein-bound fraction of AEDs. Non-protein-bound AED levels will most accurately portray the CNS level of AEDs, especially those that are highly or moderately protein-bound such as phenytoin and valproate. The physiologic changes of pregnancy are reversed quickly in the postpartum This was not seen in children exposed to carbamazepine, although many mothers were taking this drug for indications other than epilepsy, AED levels were low, and mothers in this group had higher I& than mothers taking phenytoin. Losche et al. found a significant difference in psychological testing scores between children of WWE and contro1s.68 Parental IQ was not reported but lower socioeconomic status was a strong predictor of lowered scores. These studies indicate a risk for impaired cognitive development in the offspring of WWE. It is not possible, however, t o ascertain reliably the contributions of heredity, maternal epilepsy or seizures during pregnancy, AEDs, or socioeconomic status given the limitations of the current literature.
Whereas the observed increase in congenital malformations and anomalies in the infants of WWE may be multifactorial, several lines of evidence implicate AEDs as a major cause. Malformation rates are higher in the infants of WWE taking AEDs than in those of untreated WWE.52,53 Infants of mothers taking polytherapy are at higher risk of malformation^.^^,^^,^^ Most investigators have not identified an association of maternal seizures during pregnancy with malformation^.^^^^^^^^^^^,^^ Higher mean AED concentrations are associated with increased malformation risk.57 All of the commonly used AEDs have been associated with an increased risk for malformations and anomalies. The teratogenic potential of AEDs introduced in the last few years, including gabapentin, felbamate, lamotrigine, tiagabine, topiramate, and vigabatrin, remains to be delineated. Reports of pregnancy outcomes in WWE taking these medications have been in the context of polytherapy.
Fetal accumulation of toxic intermedliary AED metabolites, induction of folate deficiently, and predisposing genetic factors are proposed mechanisms for AED teratogenesis. Several AEDs are metabolized to arene oxide intermediates by the hepatic cytochrome P450 enzyme system. These intermediary metaboDevelopmental delay.
Pathogenesis.
lites are highly reactive. They are postulated to bind to embryonic macromolecules, disrupting normal developmental processes. The enzyme epoxide hydrolase metabolizes the biologically active epoxide metabolites of AEDs to compounds that are less toxic. 54 Experimental observations have suggested a genetic defect in the detoxification of potentially teratogenic AED metabolites by epoxide hydrolase. Inhibition or deficiency of this enzyme may place the embryo at increased risk for maldevelopment. Lymphocytes of infants of WWE who had been exposed to phenytoin in utero have been studied in an in vitro drug metabolizing In 14 of 24 cases, an increase in cell death was associated with an increase in phenytoin metabolites. A positive result to the in vitro challenge was strongly correlated with major malformations. Measurement of epoxide hydrolase activity in amniocytes has also been carried out e~perimentally.~~ Reduced levels of enzyme activity were correlated with the occurrence of congenital anomalies and hypotonia.
Although studies reporting rates of congenital malformations in the offspring of WWE are flawed by current methodologic standards, the volume of evidence accumulated to date strongly supports the assertion that risk is higher for infants of treated WWE than for infants of women in the general population. Studies with controls report risk for congenital malformations as high as 18.6%.71 Overall, these reports indicate a rate of 1.5 to 3 times that of their control population. Risk for congenital anomalies and developmental delay is also increased, but available studies do not provide sufficiently robust data to define the degree. Data regarding a selective benefit of one AED over another are unavailable. It has become common practice to quote a risk for major malformations of 4 to 6% to WWE. This approach may be too simplistic, however, as the risk for all WWE is not consistent. It is more appropriate to counsel the WWE and her partner in terms of minimizing risk. This will include a discussion of increased risk with multiple AEDs or high AED levels and the potential contributions of heredity and seizure occurrence during pregnancy to the development of birth defects.
Hemorrhagic disease of the newborn (HDN) was described over a century ago. The relation between HDN and vitamin K deficiency and the protective effect of administering vitamin K to the neonate have been clearly demonstrated. The American Academy of Pediatrics Committee on Nutrition recommended the administration of vitamin K prophylaxis to newborns in 1961, and this remains the standard of care for prevention of HDN.72 HDN typically occurs between 2 and 7 days of age, although early (under 24 hours) and delayed (over 1 month) forms are described. Exclusive breast-feeding, concurrent illness, and omission of neonatal administration of vitamin K have been implicated in the delayed form. The maternal use of hepatic-enzymeinducing drugs, including AEDs, plays a role in the Risk reduction.
Vitamin K.
early form. Early HDN was defined as a syndrome in 1970, and has been reported in newborns exposed in utero to phenobarbital, primidone, phenytoin, carbamazepine, diazepam, and e t h~s u x i m i d e .~~ Vitamin K deficiency, reduced levels of vitamin K dependent clotting factors, and prolonged prothrombin and partial thromboplastin times are seen in neonates of WWE taking A E D s .~~~~~ Prenatal administration of oral vitamin K to the pregnant WWE taking AEDs has been recommended for many years as prevention of early HDN. The potential for placental transfer of vitamin K to the fetus has been questioned, however. In a study of normal pregnant women, Shearer et al. found that newborn plasma vitamin K, levels were undetectable in the face of normal maternal levels. 75 The administration of intravenous vitamin K, to six mothers 11 to 47 minutes before delivery resulted in detectable cord plasma levels in four of six neonates. This group postulated that vitamin K, does not cross the placenta readily or that fetal plasma uptake is poor due to low levels of lipoprotein in cord plasma. Sann et al., however, found comparable vitamin K, concentrations in all but one of 27 mother-infant pairs in which the maternal level was in the control range. 76 More recently, prenatal vitamin K, supplementation for WWE in the last month of pregnancy at 10 mg/ day was shown to suppress the appearance of nonfunctional procoagulants or protein induced by vitamin K absence for factor I1 (PXVKA-11), which reflect vitamin K deficiency and potential coagulopathy. 77 Although placental transfer of vitamin K to the fetus may be inefficient, sufficient maternal supplementation appears to modify plasma abnormalities related to vitamin K deficiency in the newborn.
Outcome studies are required to confirm the clinical usefulness of maternal vitamin K supplementation for prevention of HDN in neonates exposed prenatally to AEDs. The practice of prenatal supplementation for WWE should not supplant the recommendation of the American Academy of Pediatrics that all neonates receive vitamin K, at birth.
Health benefits shown to accrue for breast-fed infants include prevention of diarrheal and respiratory illness and possibly reduced risk of some chronic diseases later in life. These advantages may be most important for infants in underdeveloped countries, but are documented for infants in industrialized nations as well.78 AEDs are known to appear in breast milk in levels inversely proportional to their degree of maternal serum protein binding.
Breast milk levels of all AEDs in common use have been reported (table) .79-82 Lamotrigine has recently been measured in the cord blood and serum of an infant whose mother was treated with this AED during pregnancy and lactation. Levels comparable to those seen in patients treated with this drug were seen, although no adverse effects were identified. 83 Although AED concentrations in breast miIk may be low, reduced neonatal serum protein binding and slower rates of hepatic metabolism may result in Breast-feeding. been studied. AED use by WWE does not constitute an absolute or automatic contraindication to breast-feeding for their infants. WWE who choose to breast-feed their newborns should be supported in their decision and counseled regarding the benefits of this form of infant nutrition. They should be appraised of the potential for infant sedation or feeding difficulties if taking sedating AEDs and of uncertainty regarding the effect of AEDs on newborn growth and development. The potential for hematologic or hepatic toxicity in breast-fed infants of WWE taking AEDs appears to be small.
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Conclusion.
There is a pressing need for welldesigned studies addressing every health issue for WWE reviewed, especially in light of the availability of several new AEDs. Critical areas for future study are outlined in the accompanying summary statement.* Physician education surrounding management issues for WWE is required at all levels of training and practice, and evidence-based practice parameters provide a potentially valuable tool in this education process.
